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Laboratory Studies on Molting and Growth of the

Shore Crab, Hemigrapsus sanguineus de Haan,
Parasitized by a Rhizocephalan Barnacle
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Abstract. Molting of shore crabs (Hemigrapsus sangui-

neus) parasitized by rhizocephalans (Sacculina senla) was

observed in the laboratory, and the growth of the molted

crabs was compared with that of unparasitized animals.

Molting of the host was obstructed by the infestation, but

was still possible. After the release of several broods of

larvae, the externa (the external reproductive system of

the parasite) detached from the host. Subsequent molting

occurred within 40 days in about 80% of the animals, but

in the remainder, it was delayed for at most 4 months.

Soon after molting, a new externa protruded from the

abdomen of every crab. Thus, the life-span of the externa

and the molting of the host would seem to be closely

connected. In the female, the molt frequency was reduced,

but the molt increment of the parasitized crabs was not

different from that in the unparasitized ones. In the male,

however, both the molt frequency and the molt increment

were reduced. Thus, the annual growth of parasitized

males and females was about half that of unparasitized

crabs.

Introduction

Rhizocephala (Crustacea, Cirripedia) are exclusively

parasitic on crustaceans, mainly Decapoda. The first

larva of a rhizocephalan hatches from the egg as a nau-

plius. Females of the subsequent larva (cypris) infect the

host, and part of the parasite protrudes from the host's
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abdomen, acting as a saccular reproductive organ (ex-

terna). Male cypris larvae migrate through the mantle

cavity of the externa into a receptacle where the male

larva metamorphoses into a mass of sperm cells (Ichi-

kawa and Yanagimachi, 1958, 1960; Yanagimachi,
196 la, b; Ritchie and H0eg, 1981; Liitzen, 1984; H0eg,

1982, 1985a, b. 1987).

The internal part of the rhizocephalan parasite (the in-

terna) branches and thus penetrates various parts of the

body of the crustacean host, taking nourishment from its

tissues. The effects on the host include difficulty in molt-

ing, changes in secondary sexual characteristics, and de-

generation of the sexual organs (Reinhard, 1956; Hartnoll,

1967). In particular, sacculinized brachyuran crabs usually

cease to molt after the parasite appears external to the

host (Veillet, 1945; Reinhard, 1956: Hartnoll, 1967;

Liitzen. 1984).

Although such pervasive effects might be expected to

decrease host survivorship or host reproduction, many
local populations of Hemigrapsus sanguineus (Decapoda:

Grapsidae) are, in fact, heavily infected by Sacculina senta

(Cirripedia: Rhizocephala). In Amakusa and some other

localities in Japan, the prevalence exceeds 70% and is pos-

itively correlated with size (Fig. 1, preliminary survey in

April 1988). Sacculinized crabs are common among the

large size classes, and many of the infected male crabs are

feminized in their external form, having a wider abdomen

and smaller chelipeds than unparasitized males.

The observed feminization of male crabs presents us

with an apparent contradiction, for crustaceans cannot

change their external form without molting. Indeed,

Reinhard (1956) and Hartnoll (1967) mentioned that all

the modifications of male hosts must appear before the

externa erupts, since the presence of the externa prevents

any further molting of the host.
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several spawnings of nauplii. The other externae, which

could not be drawn in Figure 2, showed similar succession

patterns. The interval between two spawnings varied ac-

cording to the temperature of the seawater. For instance,

the interval was about 1 2 days in August when the average

seawater temperature was 26.7C; in November ( 1 8.3C)
it was 24 days. There was considerable individual

variation.

While the eggs of a sacculinid were being incubated, its

next brood was already being prepared. After the release

of several broods of larvae, the externa detached, leaving

a scar on the abdomen of the host. Only then was the

host able to molt (Fig. 2).

Table I shows the number of days required for the host

crab to molt after the externa had fallen off, and the num-

ber of days from the time of molting to the appearance

of a new externa during the year from May 1989 to April

1990. The temporal distribution of the molt with respect

to the detachment of the externae is shown in Table II.

The unparasitized control crabs most frequently molted

in July, whereas the parasitized animals had a broader

molting period from July to September. Although the

parasites released larvae throughout the year, most of the

detachment of externae occurred between June and Oc-

tober. Following detachment, most parasitized crabs

molted within about 1 month. For instance, of the eight

sacculinized crabs that lost their externae in June 1989,

one specimen molted in June and the other seven molted

before the end of July. In 21 of the 31 examples (67.7%),

molting resumed within 30 days; in 25 examples (80.6%),

it occurred within 40 days (Tables I and II).

The new externae sometimes appeared within 1-2 days

after molting, when the carapace of the host was still soft;

but others appeared later, after the host's new shell had

become hard (Table I). One crab molted twice, and the

new externa appeared after the second molting. Conse-

quently, among 3 1 parasitized hosts, externae reappeared

in all but one host, which failed in molting and died (Ta-

ble I).

Effects on growth of the host

The growth rate of crustaceans generally varies with

the water temperature and is also affected by reproductive

conditions. Because the temperature of the seawater is

not stable and molting is seasonal, growth rates in different

months could not be compared. Furthermore, because

adult crabs (CW > 15 mm)molt only two or three times

a year, only the relative growths of crabs that lived through

a certain half or one-year period were compared (Table

III). The half-year periods that were compared were be-

tween 1 April 1989 and 30 September 1989 (Section I),

and between 1 October 1989 and 31 March 1990 (Section

II). The one-year period was denned as extending from

Table I

Time between the detachment of the externa and the next moll, and

between that moll and the appearance of a new exlerna

Date of

detachment

of externa
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Table II

Distribution of the detachment of external- and subsequent mult.', in each month (May 19X9- April 1990)

Months when Number ot Month when parasitized crabs next molted [number of crabs (Days, or range, between loss of externa and moll)

crabs lost crabs that

externae lost extemae May June July Aug Sept Oct Nov Dec Jan Feh Mar Apr

May

June

July

Aug

Sep

Oct

Nov

Dec

Jan

Feb

Mar

Apr

Total molls

per month
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Table III

Mo/I tmitii'iia: relative growth, and relative molt increments of crabs thai lived through two half-Year period* or that lived longer than one year

Number
Period of crabs
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Figure 3. Premolt and postmolt relationships of parasitized and un-

parasitized male Hemigrapstis sanguineus. A: relationship between pre-

molt carapace width and relative molt increment. B: Hiatt's growth dia-

gram for male hosts.

discrepancy did not have the same basis in the two sexes.

In the male, both the molt frequency and the molt incre-

ment of parasitized crabs were smaller than in the un-

parasitized crabs; but in the female, the discrepancy was

mainly due to a difference in the molt frequency. During
Section II (October-March) in particular, none of the

parasitized females molted. During Section I, all seven

unparasitized females recorded in Table III were ovigerous

once, and this might have been a handicap to molting.
The molting state of sacculinized crabs is similar to that

of ovigerous females.

No study on the growth of sacculinized brachyuran
hosts is comparable to the present study. But even if we
examine the studies on the effects of rhizocephalans from

a different family, the results are similar to those obtained

in the present study. Hawkes et al. (1987) examined the

growth of Alaskan blue king crabs, Paralithodes platypus

(Decapoda, Anomura), parasitized by Briarosaccus cal-

losus. There was no significant difference in the molt fre-

quency between parasitized and unparasitized crabs, in

either sex. The molt increment of parasitized males was

significantly smaller than that of unparasitized males, and

that of parasitized females was also smaller than that of

unparasitized females, although not significantly.

Positive size-prevalence pattern

Inverse size-prevalence patterns are found in Pugettia

product a parasitized by the sacculinid Heterosaccus cali-

fornicus and in the mud crab Rhithropanopeus harrisii

parasitized by Loxothylacus panopei (O'Brien, 1984;

O'Brien and Van Wyk, 1985; O'Brien and Skinner, 1990).

The authors of these reports describe the inverse size-

prevalence pattern as typical of sacculinid-host associa-

tions. Contrary to these reports, we observed that the

prevalence of//, sanguineus increased with the size of the

host (Fig. 1). This pattern is rather similar to that of the

peltogastrid rhizocephalan-host relationship (O'Brien and

Van Wyk, 1985). These authors suggested that enhanced

growth of parasitized hosts might be one factor determin-

ing the positive size-prevalence pattern, but such enhanced

growth has not been documented in laboratory studies.

In the present study, H. sanguineus showed a positive

size-prevalence pattern with suppressed host growth. The
mechanisms that cause the size-prevalence pattern are not

very clear, but we can suggest three reasonable factors.

1 . H. sanguineus does not stop molting after the molt

of puberty, whereas the molt of P. producta is a terminal

molt.

2. Parasitized H. sanguineus can molt and grow even

after the externae of the host have emerged.

3. The parasite does not have a lethal effect on the

host.

Consequently, the parasite probably lives on after the

detachment of the externa and then regenerates a new
externa. Therefore, the high prevalence of parasitism

among the large size classes may simply reflect the fact

that the large host has been repeatedly exposed to infec-

tions, as suggested by Day (1935).
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Figure 4. Relationship between the reproductive cycle of Sacculina scuta and the molting of the host.
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